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Carrier frequency of GJB2 gene mutations c.35delG,
c.235delC and c.167delT among the populations
of Eurasia

Lilya U Dzhemileva1, Nikolay A Barashkov2, Olga L Posukh3, Rita I Khusainova1, Vita L Akhmetova1,
Ildus A Kutuev1, Irina R Gilyazova1, Vera N Tadinova4, Sardana A Fedorova2, Irina M Khidiyatova1,
Simeon L Lobov1 and Elza K Khusnutdinova1

Hearing impairment is one of the most common disorders of sensorineural function and the incidence of profound prelingual

deafness is about 1 per 1000 at birth. GJB2 gene mutations make the largest contribution to hereditary hearing impairment.

The spectrum and prevalence of some GJB2 mutations are known to be dependent on the ethnic origin of the population. This

study presents data on the carrier frequencies of major GJB2 mutations, c.35delG, c.167delT and c.235delC, among 2308

healthy persons from 18 various populations of Eurasia: Russians, Bashkirs, Tatars, Chuvashes, Udmurts, Komi-Permyaks and

Mordvins (Volga-Ural region of Russia); Belarusians and Ukrainians (East Europe); Abkhazians, Avars, Cherkessians and

Ingushes (Caucasus); Kazakhs, Uighurs and Uzbeks (Central Asia); and Yakuts and Altaians (Siberia). The data on c.35delG

and c.235delC mutation prevalence in the studied ethnic groups can be used to investigate the prospective founder effect in

the origin and prevalence of these mutations in Eurasia and consequently in populations around the world.
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INTRODUCTION

Congenital deafness is one of the most frequent diseases that accounts
for about 1 in 1000 newborns and approximately half of all cases have
a genetic etiology.1,2 Hereditary forms of hearing loss are characterized
by clinical polymorphism and genetic heterogeneity. To date, 114 loci
and 55 genes have been described for inherited non-syndromic
hearing impairment.3 About 75% of non-syndromic deafness cases
are inherited as an autosomal recessive trait, 10–15% as autosomal
dominant, low portion are X-linked and some cases are caused by
mitochondrial DNA mutations.2 Mutations of the GJB2 (gap junction
protein beta 2) gene are the predominant cause of non-syndromic
autosomal recessive deafness. The GJB2 gene is located on chromo-
some 13q11-q12 and encodes connexin 26 (Cx26)—a transmembrane
protein that forms intercellular gap junction channels to allow ions
and small molecules to transfer between adjacent cells. Mutations in
the GJB2 gene (Cx26) lead to disturbance in ion homeostasis of
the endolymph, which results in hearing impairment.4 To date, about
150 different mutations (mostly recessive), polymorphic variants and
changes with unknown relation to the disease in GJB2 gene have been
reported.5 In many countries, up to 50% of recessive non-syndromic
deafness can be attributed to mutations in the GJB2 gene.6 However,

some important differences in carrier frequency of major recessive
mutations in the GJB2 gene exist among various populations. The
mutation c.35delG has been found with a high frequency in popula-
tions of Europe, Middle East and North America.7–10 Mutation
c.235delC is found mainly in East Asian populations (Japanese,
Chinese, Korean), and also in Mongolians and Altaians.11–16 Mutation
c.167delT is widespread among Ashkenazi Jews and is found spor-
adically in some other populations.17–21 Mutation p.Trp24X is wide-
spread in India22 and in the Romany (Gypsy) population (Eastern
Europe).23 p.Arg143Trp is a major mutation in Ghana (West Africa),24

and mutation p.Val37Ile has the greatest prevalence in populations of
Southeast Asia.25

The role of the founder effect in the origin and distribution of
several mutations of the GJB2 gene was well established.7,26–30

Furthermore, novel hypotheses for the probable specific mechanism
(combination of improved genetic fitness and assortative mating) for
selective amplification of the commonest form of recessive deafness in
the populations and of probable heterozygote advantage of GJB2
recessive mutations have been suggested.31,32 Data on the mutation
spectrum and prevalence of major mutations of the GJB2 gene in
various ethnic groups are very important for the development of
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molecular diagnostics tools for identifying genetic causes of hereditary
hearing loss; however, data on the prevalence of major GJB2 mutations
in some populations are still not available.

We present here data on carrier frequencies of major GJB2 muta-
tions, c.35delG, c.235delC and c.167delT, in 18 populations of Eurasia.
In addition, the analysis of spatial distribution of c.35delG and
c.235delC carrier frequencies among various populations of Eurasia,
based on our own data and literature sources available at the end
of 2009, is presented.

MATERIALS AND METHODS

DNA samples
The total number of 2308 DNA samples of healthy unrelated individuals—

representatives of 18 various ethnic groups living in the territory of Russia

and in countries of the Former Soviet Union—have been studied in this

study. These are Russians (N¼92), Belarusians (N¼97), Ukrainians (N¼90),

Abkhazians (N¼80), Avars (N¼60), Cherkessians (N¼80), Ingushes (N¼80),

Kazakhs (N¼240), Uighurs (N¼116), Uzbeks (N¼60), Bashkirs (N¼400),

Tatars (N¼96), Chuvashes (N¼100), Udmurts (N¼80), Komi-Permyaks

(N¼80), Mordvins (N¼80), Yakuts (N¼247/120) and Altaians (N¼230). The

places of location of the populations under study are shown in Figure 1.

Blood samples were collected during research expeditions in 2000–2008. The

ethnic origin (up to the third generation) was defined by direct interview

with examined persons. For this research, all DNA samples studied were

anonymized. Genomic DNA was isolated from peripheral blood leukocytes

by a standard procedure of phenol–chloroform extraction.

Mutation analysis
Genotyping of c.35delG, c.167delT and c.235delC mutations of the GJB2 gene

was performed by allele-specific amplification of the GJB2 coding region.

To screen for the c.35delG mutation, the following primers were used:

F 5¢-CTTTTCCAGAGCAAACCGCCC-3¢
R 5¢-TGCTGGTGGAGTGTTTGTTCAC-3¢.33

The primers for detecting c.167delT and c.235delC mutations were designed

at the Laboratory of Molecular Human Genetics (Institute of Biochemistry and

Genetics, Ufa Research Center, Russian Academy of Sciences, Ufa, Russia):

167delT-F 5¢-ATGAGCAGGCCGACTTTGTCTG-3¢,
167delT-R 5¢-GTGGGAGATGGGGAAGTAGTGA-3¢,

235delC-F 5¢-ACGATCACTACTTCCCCATCTC-3¢,
235delC-R 5¢-ACTAGGAGCGCTGGCGTGGAC-3¢.
PCR amplifications were performed with 1mg of genomic DNA, 5mmol of

each forward and reverse primer, 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 6.7 mM

MgCl2, 200mmol dNTPs and 0.5 U of Taq polymerase in a final reaction

volume of 20ml. Thermal cycling parameters were as follows: denaturation at

94 1C for 4 min; 30 cycles of 94 1C for 1 min; 64 1C for 1 min; 72 1C for 1 min;

and final extension at 72 1C for 10 min. The amplified products were resolved

on a 9% polyacrylamide gel with ethidium bromide staining under ultraviolet

light to verify their size and quantity. The presence of heterozygotes for

c.35delG, c.235delC and c.167delT was detected by the appearance of two

separate bands (for the wild type and for the mutant allele): amplified

fragments sized 89 and 88 bp for c.35delG, 79 and 78 bp for c.235delC, and

83 and 82 bp for c.167delT, respectively (Supplementary Figure 1). The

heterozygous status was confirmed by direct sequencing of amplified fragments

(739 bp) of the GJB2 encoding region using the following primers:

739 bp F 5¢-CATTCGTCTTTTCCAGAGCAAACC-3¢,
739 bp R 5¢- ACAACTGGGCAATGCGTTAAACTG -3¢.
Primers were designed at the Laboratory of Molecular Human Genetics

(Institute of Biochemistry and Genetics, Ufa Research Center, Russian Academy

of Sciences). Sequencing was carried out using the BigDye terminator V3.1

cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) and the

ABI 310 DNA sequencer (Applied Biosystems).

Maps construction
Spatial carrier frequency distribution maps for mutations c.35delG and

c.235delC were constructed on the basis of data obtained in this study

and on the basis of corresponding data on different populations of Eurasia

extracted from the literature sources available at the end of 2009 (Supplemen-

tary Table and References).

Maps construction was carried out by means of package SURFER 9.0

Golden Software, Inc., Golden, CO, USA. Data were regularized by the Kriging

method with subsequent matrix smoothing and a cubic spline.

RESULTS AND DISCUSSION

There are numerous data on carrier frequencies of basic GJB2 muta-
tions c.35delG, c.167delT and c.235delC in various populations of the
world. However, until recently, such data with regard to populations
on territories of the Former Soviet Union have been limited.14,33–36

Figure 1 Places of location of the populations under study.
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The data obtained in this study allow, to a certain extent, to fill the gap
in information on the prevalence of the c.35delG, c.167delT and
c.235delC mutations of the GJB2 gene on the vast territories of Eurasia.

Carrier frequencies of these mutations in 18 various populations
living in the territory of Eurasia (Eastern Europe, the Volga-Ural region
of Russia, Central Asia, Caucasus and Siberia) are presented in Table 1.

Mutation c.35delG
Mutation c.35delG in the GJB2 gene in homozygous and compound-
heterozygous conditions is the major cause of non-syndromic recessive
hearing loss in most European populations. It accounts for approxi-
mately 40–50% of overall mutant alleles of the GJB2 gene in deaf

patients.37 Earlier, the large-scale research covering 17 European
countries demonstrated that the average carrier frequency of c.35delG
in Europe was 1.96% (1 of 51), with a variation from 1.26% (1 of 79)
in Central and northern Europe to 2.86% (1 of 35) in southern
Europe.7 Further, the gradient of increase in c.35delG frequency from
north to south has been confirmed in the meta-analysis of the carrier
frequency of c.35delG in various European populations.38 High carrier
frequency of c.35delG has been shown in Mediterranean popula-
tions: Greece (3.5%), southern Italy (4.0%) and France (3.4%).39

The majority of studies investigating the origin and estimating the
age of the c.35delG mutation have been conducted on the Mediterra-
nean region: the countries of southern Europe and the Middle East.

Table 1 Carrier frequencies of the c.35delG, c.167delT and c.235delC mutations among the studied Eurasian populations

Linguistic

affiliations:

Carriers/tested individuals

Carrier frequencies

Populations family/group Regions N c.35delG c.167delT c.235delC

Eastern Europe

Belarusians Indo-European/Slavic Belarus 97 6/97

0.062

0/97 0/97

Ukrainians Indo-European/Slavic Ukraine 90 3/90

0.033

0/90 0/90

Volga-Ural region/Russian Federation

Russians Indo-European/Slavic Yekaterinburg 92 2/92

0.022

0/92 0/92

Bashkirs Altaic/Turkic Republic of Bashkortostan 400 1/400

0.003

0/400 0/400

Tatars Altaic/Turkic Republic of Tatarstan 96 1/96

0.010

0/96 0/96

Chuvashes Altaic/Turkic Chuvash Republic 100 0/100 1/100

0.010

0/100

Mordvins Uralic/Finno-Ugric Republic of Mordovia 80 5/80

0.062

0/80 1/80

0.012

Udmurts Uralic/Finno-Ugric Republic of Udmurtia 80 3/80

0.037

0/80 0/80

Komi-Permyaks Uralic/Finno-Ugric Komi-Permyak Autonomous Okrug 80 0/80 2/80

0.025

0/80

Central Asia

Kazakhs Altaic/Turkic Kazakhstan 240 2/240

0.008

0/240 1/240

0.004

Uighurs Altaic/Turkic Kazakhstan 116 1/116

0.009

0/116 0/116

Uzbeks Altaic/Turkic Uzbekistan 60 0/60 0/60 0/60

Caucasus

Abkhazians Caucasian/North Caucasian South Caucasus/Abkhazia 80 3/80

0.038

0/80 0/80

Avars Caucasian/North Caucasian North Caucasus/Republic of Dagestan, Russian Federation 60 0/60 0/60 1/60

0.017

Cherkessians Caucasian/North Caucasian North Caucasus/Karachay-Cherkess Republic, Russian Federation 80 1/80

0.013

0/80 0/80

Ingushes Caucasian/North Caucasian North Caucasus/Ingush Republic, Russian Federation 80 0/80 0/80 0/80

Siberia/Russian Federation

Yakuts Altaic/Turkic East Siberia/Republic of Sakha (Yakutia) 247 (120) 1/247

0.004

0/120 0/120

Altaians Altaic/Turkic South Siberia/Republic of Altai 230 0/230 0/230 8/230

0.035
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The hypothesis about a single origin for c.35delG somewhere in the
Mediterranean region or in the Middle East (founder effect) has been
suggested and subsequently confirmed. Estimations of the age of
c.35delG revealed that it occurred at least 10 000–14 000 years ago
and then spread throughout Europe along two Neolithic population
movement routes.7,26,27,30 Recent meta-analysis of the c.35delG pre-
valence, performed by reviewing literature data from 1998 to 2008, has
shown that mean regional carrier frequencies of c.35delG mutation
were 1.89, 1.52, 0.93, 1 and 0.64% for European, American, Asian,
Oceanic and African populations, respectively. The south-to-north
European decrease gradient in the carrier frequency of c.35delG (from
2.48 to 1.53%) was confirmed in this study and a west-to-east Asian
gradient (from 1.48 to 0.1%) was also suggested.40

Screening of the c.35delG mutation performed by ourselves in two
East-European populations (Ukrainians and Belarusians) revealed
high carrier frequencies of this mutation: 3.3% in Ukrainians and
6.2% in Belarusians. We also studied the carrier frequency of c.35delG
among various indigenous populations of the Volga-Ural region
of Russia (Bashkirs, Tatars, Chuvashes, Mordva, Udmurts, Komi-
Permyaks), as well as collected samples from Russian individuals
living in the Volga-Ural region. The Volga-Ural region of Russia is
situated in the border of Europe and Asia and during historical times
was a place of interaction of many ethnic groups—Ugric tribes of
western Siberia, north Finns of Eastern Europe, Indo-Iranians of the
Middle East, Turkic-speaking people of southern Siberia and Altai
and, later, nomadic Tatar-Mongolian tribes and Slavic people of
Central and Western Europe.41,42

In Turkic-speaking populations of the Volga-Ural region, mutation
c.35delG was found with frequencies of 1, 0.3 and 0% in Tatars,
Bashkirs and Chuvashes, respectively. Finno-Ugric populations of the
Volga-Ural region demonstrated an extremely high carrier frequency
of c.35delG mutation in Mordva and Udmurts (6.2 and 3.7%,
respectively) and absence of c.35delG in Komi-Permyaks. High carrier
frequency of c.35delG (4.4%), revealed earlier in Estonians (Finno-
Ugric population), was an obvious exception for the populations of
northern Europe with low frequencies of c.35delG.7 Our data on
c.35delG frequency in populations of the Volga-Ural region and data

from other researchers33–35 demonstrate considerable variability of
the c.35delG mutation carrier frequency among native populations
of the Volga-Ural region. The carrier frequency of c.35delG revealed in
Russians was 2.2%, which is comparable to the data obtained by other
researchers studying individuals from Russian populations of central
regions of Russia.33–36

In Turkic populations of Central Asia (Kazakhs, Uighurs, Uzbeks),
the mutation c.35delG was found with low frequency in Kazakhs
(0.8%) and Uighurs (0.9%), but was not revealed in Uzbeks. In Turkic
populations of Siberia (Yakuts, Altaians), c.35delG was discovered
with rather low frequency (0.4%) in the population of Yakuts, but was
not found in the population of Altaians.

The territory of north Caucasus in the past was one of the most
significant passages during human migration in the territory of
Eurasia. This region is characterized by a wide variety of ethnic
populations, complicated history of the formation of ethnic groups
and high genetic diversity.43 Among the populations of the north
Caucasus studied (Abkhazians, Avars, Cherkessians, Ingushes), the
mutation c.35delG was revealed only in Abkhazians (3.8%) and
Cherkessians (1.3%).

The spatial distribution of the c.35delG carrier frequencies on the
territory of Eurasia constructed on the basis of data obtained during
this study and extracted from appropriate literature sources available
at the end of 2009 is presented in Figure 2.

This spatial distribution of c.35delG carrier frequencies confirms a
Eurasian decreasing gradient in the carrier frequency of c.35delG from
west to east: high frequency of c.35delG in populations of Eastern
Europe (Belarusians, Ukrainians), intermediate frequencies in popula-
tions of the Volga-Ural region and Central Asia and minimal
frequency of c.35delG in Yakuts from eastern Siberia. The west-to-
east decreasing gradient observed on the c.35delG mutation carrier
frequency, in general, corresponds to the data of the comparative
analysis of mtDNA haplogroups lineages in Finno-Ugric- and Turkic-
speaking populations of northern Eurasia, where the west-to-east
gradient of decrease of the west-Eurasian component in the gene
pool of these populations was shown from Eastern Europe to
Siberia.44 Our data on the prevalence of c.35delG mutation among

Figure 2 Spatial distribution of the c.35delG carrier frequency in Eurasia. Data from Supplementary Table were used for map construction.
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various populations settling down in extensive territories of Eurasia
allow further elucidation of present-day concepts of the southern
origin (south Europe/Middle East) of the c.35delG mutation.

Mutation c.167delT
In the Ashkenazi Jewish population, the carrier rate of c.167delT
mutation was 4.03%, reaching up to 7.5% in some samples, which is
rare in many populations. The conservation of haplotypes surround-
ing the c.167delT mutation suggests a single origin of this allele.17–19

Mutation c.167delT in Eurasia prevails mostly in the territories of the
Middle East, although this mutation is sporadically found in other
regions as well.20,21 Mutation c.167delT was only found in two Volga-
Ural region populations—Chuvashes (1%) and Komi-Permyaks
(2.5%). These data may confirm either distribution of chromosomes
with c.167delT mutation that originated from the Middle East among
Chuvashes and Komi-Permyaks, or an independent origin of
c.167delT, as this mutation was not found in people neighboring
Chuvashes and Komi-Permyaks.

Mutation c.235delC
Cytosine deletion in nucleotide 235 (c.235delC) of the GJB2 gene has
been described as a novel mutation in patients with hearing loss from
Japan.45 Further analysis of the GJB2 gene in Asian countries revealed
that mutation c.235delC is common in Japan, China, Korea, Thailand
and Mongolia, with frequency ranging from 1.6 to 20.3% among
chromosomes in deaf patients. The carrier frequency of c.235delC
varies from 0.8 to 1.3% among East Asian populations,11–13,15,16,29,46

and c.235delC is practically absent in populations of southern
Asia.23,25,47 c.235delC is revealed only sporadically in other Eurasian
populations with a complex ethnic composition.

In the territory of the former Soviet Union, mutation c.235delC was
revealed with a frequency of 3.5% in Altaians (Southern Siberia), 1.3%
in Mordva (the Volga-Ural region), 1.7% in Avars, which is a local
group in Caucasus with complex ethnogenesis, and with a rather low
frequency in Kazakhs (0.4%; Kazakhstan, Central Asia).

Previous studies demonstrated a common ancestral origin of
mutation c.235delC that is widespread in East Asian populations

(China, Korea, Japan, Mongolia) and a roughly estimated age of
c.235delC is to be about 11 500 years old.12,13,29 Yan et al.29 hypothe-
sized that c.235delC could arise in regions of the Baikal Lake and then
extend to Mongolia, China, Korea and Japan through subsequent
migrations. Earlier, we have found a high carrier frequency of
c.235delC (4.6%, 6 of 130) in Turkic-speaking Altaians—indigenous
people of the Altai-Sayan region—which allowed us to suggest that the
Altai-Sayan region, which was a zone of contacts and active migrations
of various ethnic groups in the historical past, could be one of the
founder sources for the c.235delC mutation widespread in Asia.14

The increase in the number of Altaian DNA samples analyzed in
this study to 230 by involvement of individuals from the majority of
territorial areas of the Republic of Altai, however, has led to some
decrease in the carrier frequency of c.235delC in Altaians from 4.6%
(6 of 130) to 3.5% (8 of 230). It is interesting that mutation c.235delC
has not been revealed in Turkic-speaking Yakuts (Eastern Siberia),
although being based on archeological, ethnographic and linguistic
data; furthermore, taking into consideration data on mtDNA and
Y-chromosome analysis, it was supposed that Yakuts migrated to the
north from their initial settlement in the area of the Baikal Lake under
pressure of the Mongol expansion between the thirteenth and fifteenth
centuries AD.48

Spatial distribution of carrier frequency of c.235delC in the territory
of Eurasia demonstrates an east-to-west decreasing gradient in the
frequency of c.235delC and shows that the Altai-Sayan region could be
one of the most probable regions of origin of this mutation (Figure 3).

At present, our data on distribution of the c.235delC mutation in
people occupying territories around the Baikal Lake and the Altai-Sayan
region are limited only to Altaians. In future, we hope to expand studies
among other indigenous people of the Altai-Sayan region and neighbor-
ing territories to verify the c.235delC mutation prevalence and to further
define the probable area of origin of c.235delC mutation.

In summary, this study reports on the carrier frequency of three
common deafness-causing mutations of the GJB2 gene in 18 ethnic
groups from Eurasia, and thereby fills a gap in knowledge regarding
the pattern of geographical distribution of GJB2 mutations. Despite
probable bias caused by different sizes of the samples screened in this

Figure 3 Spatial distribution of the c.235delC carrier frequency in Eurasia. Data from Supplementary Table were used for map construction.
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study (from 60 to 400 subjects), the obtained data provide novel
insights into a specification of prevalence of major recessive mutations
c.35delG, c.235delC and c.167delT of the GJB2 gene in populations of
Eurasia. The character of c.35delG and c.235delC mutation prevalence
in the studied ethnic groups can provide additional evidence of a
prospective role of the founder effect in their origin and help to
understand the prevalence of these mutations in populations around
the world. Research studies such as these are also important for the
development of appropriate screening assays of GJB2 gene mutations
in various ethnic groups for early detection of hereditary forms of
hearing loss and design of preventive activities.
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